The cytophilic activity of human myeloma proteins of different classes and subclasses for lymphocytes, monocytes, and neutrophils was investigated. Binding of both unaggregated immunoglobulins (Ig) and Ig aggregated with rabbit F(ab)2 anti-Fab fragment sera was determined. Lymphocytes bound unaggregated IgG1 and IgG3 proteins, but none of the proteins of the other classes. In contrast, after aggregation, IgG of all subclasses and IgE proteins bound to lymphocytes; aggregated proteins of the other classes did not bind. Monocytes bound unaggregated IgG1 and Ig3 better than Ig4 whereas the binding of proteins of other classes was insignificant. Neutrophils bound unaggregated IgG1 and IgG3 proteins and, in addition, IgA1, IgA2, secretory IgA, and IgG4 proteins. After aggregation, the neutrophils bound more Ig of all classes; however, the differences between the amounts bound remained similar to the amounts of unaggregated proteins. The native structure of the Ig molecule is necessary for the maintenance of complete activity, because Fc fragments bound less than intact Ig, and reduction and alkylation abolished cytophilia. The Fc receptors on all cell types tested showed no specificity for any of the respective cytophilic IgG subclasses; however, neutrophils appear to have separate receptors for IgG and IgA proteins.
A B S T R A C T The cytophilic activity of human myeloma proteins of different classes and subclasses for lymphocytes, monocytes, and neutrophils was investigated. Binding of both unaggregated immunoglobulins (Ig) and Ig aggregated with rabbit F(ab')2 antiFab fragment sera was determined. Lymphocytes bound unaggregated IgG1 and IgG3 proteins, but none of the proteins of the other classes. In contrast, after aggregation, IgG of all subclasses and IgE proteins bound to lymphocytes; aggregated proteins of the other classes did not bind. Monocytes bound unaggregated IgG1 and IgG3 better than IgG4 whereas the binding of proteins of other classes was insignificant. Neutrophils bound unaggregated IgG1 and IgG3 proteins and, in addition, IgAl, IgA2, secretory IgA, and IgG4 proteins. After aggregation, the neutrophils bound more Ig of all classes; however, the differences between the amounts bound remained similar to the amounts of unaggregated proteins. The native structure of the Ig molecule is necessary for the maintenance of complete activity, because Fc fragments bound less than intact Ig, and reduction and alkylation abolished cytophilia. The Fc receptors on all cell types tested showed no specificity for any of the respective cytophilic IgG subclasses; however, neutrophils appear to have separate receptors for IgG and IgA proteins. Received for publication 29 July 1974 and in revised form 8 October 1974. cells which had previously been incubated with specific antisera (1) . The term "cytophilic" immunoglobulins (Ig) ' was coined for these cell-bound antibodies in immune sera. The physical and biological properties of cytophilic antibodies were further investigated by Berken and Benacerraf (2) , who reported that cytophilia is restricted to certain Ig classes, that the Ig binding site for macrophages is located on the Fc fragment, and that the binding is not complement dependent. Ig have been shown to be cytophilic to macrophages (2) (3) (4) (5) , neutrophils (6) , basophils (7) , mast cells (8) , and recently also to lymphocytes (4, 9) . Cytophilic antibodies are involved in opsonization, a promotion of phagocytosis, and additional biological significance of cytophilic Ig was shown by the finding that IgE antibodies gave rise to allergies by binding to basophils and mast cells and inducing release of vasoactive substances from these cells after reaction with antigen (8) . Cytophilic Ig may also enhance humoral and cellular immune responses as a function of their binding to macrophages (10) and/or thymus-derived (T) lymphocytes (11) which, in turn, could aid presentation of antigen to potential antibody-producing cells and increase immune clearance; in addition, they may be involved in delayed hypersensitivity (12, 13 tively. In order to minimize the amount of normal IgG in the IgG myeloma proteins, only sera from patients having 4 g or more of myeloma protein/100 ml serum were used. Class and light chain type were determined by double diffusion in agarose with specific rabbit or goat antisera. The IgG subclasses were identified with specific rabbit antisera (16) . F (ab')2, Fab, and Fc fragments of IgG myeloma proteins were prepared as previously described (17) . Mild reduction and alkylation was performed exactly as described by Rhodes (18 Binding assay of I-labeled proteins. Suspensions of 5 X 108 cells in 0.1 ml of balanced salt solution (BSS) containing 0.25% BSA and 0.7 mM EDTA were put into plastic tubes on ice; 0.7 mM EDTA was consistently used in the incubation medium, because it has been reported to lower nonspecific binding (23) . "MI-labeled proteins were added in a volume of 10 Al, and the cells were gently mixed for 30 min at 4VC. After incubation the cells were washed twice with 100% fetal calf serum (FCS) by layering 1 ml of cell suspension on 6 ml of FCS and centrifuging at 250 g for 10 min. FCS washes were used because when cell counts after each wash were determined and plotted against number of washes, the plot was linear after two washes; whereas when BSS was used, 4-6 washes were required. To eliminate contribution of small but variable amounts of radioactive proteins sticking to the tubes, the plastic tubes were discarded after each wash and the cells transferred to a new tube. After washing, the final cell pellet was suspended in 1 ml of BSS and again transferred to a new tube before being assayed in a well type scintillation counter. The results were expressed as picograms of immunoglobulin per 106 cells. All analyses were performed in duplicate, sometimes in triplicate analyses, which usually did not vary by more than ±10%; if a greater variation was observed the results were discarded. As a control for nonspecific sticking to the cells, human and bovine serum albumin were -similarly labeled and tested. In inhibition studies, various amounts of unlabeled proteins in 5-1.l volumes were added to the cells, and the mixtures were preincubated for 30 min at 4VC. Binding of unaggregated and aggregated "~I-labeled proteins was investigated. The "I-labeled proteins, 4 Atg/ml, were deaggregated by ultracentrifugation in a Beckman SW 65 rotor (Beckman Instruments, Inc., Spinco Div., Palo Alto, Calif.) at 40,000 g for 150 min. Aggregation was accomplished by use of rabbit F (ab') 2 anti-human Fab fragment sera. Cells were incubated with the "2I-labeled proteins for 30 min at 4C, after which antibodies (0.1-1,000 iug/0.1 ml) were added and the mixture incubated for 30 min longer. cytes at 40C are shown in Fig. 1 . The highest amount of cell-bound IgG2 protein was arbitrarily selected as the baseline below which binding was considered insignificant because (a) consistently low levels of IgG2 proteins were bound, (b) there was little variation in amount bound, and (c) IgG2 proteins were tested with all isolated cell preparations. According to this baseline, lymphocytes bound significant amounts of unaggregated IgG1 and IgG3 proteins, but none of the proteins of the other classes. There was a relatively large variation among individual myeloma proteins within subclasses and among cells from different donors. The uptake varied from 10- proteins.
INTRODUCTION
As can be seen in Fig. 3 , neutrophils bound not only IgG1 and IgG3 proteins, but also IgA myeloma proteins and S-IgA. However, except for one IgAl protein, Pu, IgG1 and IgG3 proteins bound to a greater extent than IgAl, IgA2, and S-IgA proteins. IgG4 proteins bound slightly better than IgG2 proteins. As with IgG1 and IgG3 proteins, the amount of each IgA myeloma protein bound within the IgA class differed. Protein Pu bound exceptionally well to neutrophils, but did not bind to lymphocytes or monocytes. Binding of the nonimmunoglobulin proteins, BSA and human serum albumin, indicated that nonspecific cytophilic binding was less than 10 pg/10' cells.
Effects of temperature, azide, and EDTA on binding of anaggregated immunoglobulins. The cytophilic activity assay was usually performed at 4°C, with a homologous system of human cells and human myeloma proteins being used to minimize phagocytosis or pinocytosis. When cytophilia was tested at 37°C, greater amounts of Ig bound to all cell types. However, though the amount of all IgG proteins bound to neutrophils increased at 370C, only proteins which bound well at 4°C increased significantly. Binding of IgGl and IgG3 proteins at 370C increased 4-6-fold, whereas the amount of IgG4 bound increased approximately threefold, and IgG2 binding did not significantly increase. The binding of IgM, IgD, and IgE proteins also did not significantly increase at 37°C. To determine if phagocytosis was contributing to higher uptake at 370C, sodium azide was added to the incubation medium. The amount of Ig bound at 37°C was not significantly altered by the presence of 0.1% azide. In addition, concentrations of sodium EDTA ranging from 0.7 to 20 mM also had no influence on Ig binding to any type of cells tested which indicated that Ig binding did not require Ca:' and Mg' ions.
Autoradiographic studies. Autoradiographic studies with lymphocytes, monocytes, and neutrophils were in- 
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the IgA as well as IgG class, and cross-inhibition with proteins of these two classes was studied. As shown in Table II conclusive. Three to five grains were seen on each cell and, occasionally, there were cells with ten or more grains on them. A high nonspecific background was present which probably was due to a dissociation of cytophilic immunoglobulins from the cells as a results of their low affinities; this high background made it very difficult to interpret the findings.
Inhibition of immunoglobulin binding. Binding of 'I-labeled Ig was inhibited by prior addition of 100-fold excess of unlabeled protein in order to characterize cell receptor specificity for different Ig and to learn more about the submolecular Ig site involved in the binding. In addition, the inhibitory studies confirmed the direct binding data (Table I) . Proteins of the IgG subclasses inhibited HGG binding to neutrophils in direct correlation with their binding ability, IgG1 and IgG3 proteins inhibited as well as HGG, producing 42-68% and 48-53% inhibition, respectively. IgG4 proteins were less effective giving 25-27% inhibition; IgG2 proteins gave no significant inhibition. Since there was a correlation between ability to bind and to inhibit, only proteins exhibiting significant binding were usually used as inhibitors for further studies.
The specificity of lymphocyte, monocyte, and neutrophil receptors for the Ig that they could bind is demonstrated in Table II whereas the IgG2 protein inhibited weakly and the
IgA protein not at all. The inhibitory activity of Fc, Fab, and F(ab')2 fragments was examined to determine the location of the binding site in the IgG molecule (Table III) . On the whole, the results were the same for all cell types. Fc fragments were inhibitory, but not to the same extent as the intact molecules. F(ab')2 fragments exhibited a. small but greater degree of inhibition (20-34%) than the Fab fragments (2-18%), which was considered insignificant.
Binding of immunoglobulin fragments and mildly reduced and alkylated immunoglobulins. Since the in- no known antibody activities were used, aggregation could not be achieved by addition of antigen. Instead, cross-linking of Fab regions was achieved with rabbit F(ab')2 fragments of anti-human Fab fragments. Rabbit F(ab')2 fragments were used so that they would This variation has been reported for most biological systems in which myeloma proteins were used as an Ig source, and it is presently not fully understood (3, 14) . The tertiary structures of intact Ig molecules may influence the binding sites by a modulation of the Fc fragments as a result of the variability of the Fab fragments. An alternate or additional mechanism for this binding variance could be due to a differential ability of the myeloma proteins to spontaneously aggregate, because it has been shown that aggregated Ig bound better than unaggregated Ig and presence of small amounts of aggregates could not be excluded even after ultracentrifugation of the labeled proteins.
Binding of aggregated Ig differed markedly from that of unaggregated Ig in that generally greater amounts of aggregated Ig were bound and cytophilia of IgG2, IgG4, and IgE proteins could only be demonstrated by this technique. The ability of IgG2 and IgG4 proteins to bind is in agreement with previous reports demonstrating that aggregated proteins of all four IgG subclasses release granule constituents from neutrophils (14) , and aggregated HGG, IgGl, and IgG2 proteins bound equally well to lymphocytes (9 It has been reported that 8S subunits but not intact
IgM are cytophilic to guinea pig macrophages (18) and that chicken IgM is cytophilic for chicken T lymphocytes (11). In our study, human IgM macroglobulins did not bind to lymphocytes and monocytes either as intact proteins or as reduced and alkylated proteins. The reason for this difference might be a species difference, or may be because monocytes and not macrophages were used. Lay and Nussenzweig (28) reported that IgM can bind to mouse macrophages but not to monocytes. The biologic role of cytophilic antibody to monocytes and neutrophils is probably promotion of phagocytosis, but their role on lymphocytes is less clear. IgG bound to lymphocytes probably plays a role in the lymphocyte cytotoxicity described by Perlmann and Holm (29) , and it has been postulated that cytophilic Ig is involved in delayed hypersensitivity (11, 13) . IgE has previously been reported to bind to T lymphocytes and inhibit the sheep red blood cell rosetting (30) , the biological significance of IgE binding to lymphocytes, however, remains to be shown. Lymphocytes can be divided into T and bone marrow-derived (B) cells and possibly a third type referred to as "null" or A cells (31) . The autoradiographic procedure employed in this study failed to show binding to a subpopulation of lymphocytes. Preliminary experiments of binding of IgG to nylon fiber purified T cell population and B lymphocytes obtained from a patient with chronic lymphatic leukemia suggest that both cell types have a receptor for IgG, which is in agreement with recent reports on binding of IgG to human lymphocytes (9, 32) as well as murine T cells (33 
